Data have been compiled from the published literature on the partition coefficients of solutes and vapors into the anhydrous secondary and branched alcohols (2-propanol, 2-butanol, 2-methyl-1-propanol, 2-methyl-2-propanol and 3-methyl-1-butanol) from both water and from the gas phase. The logarithms of the water-to-alcohol partition coefficients (log P) and gas-toalcohol partition coefficients (log K) were correlated with the Abraham solvation parameter model. The derived correlations described the observed log P and log K values to within average standard deviations of 0.14 and 0.13 log units, respectively. The predictive abilities of the each correlation were assessed by dividing databases into a separate training set and test set. 
Introduction
Solubility of crystalline organic compounds in pure liquid solvents and in solvent mixtures plays a critical role in the synthesis and purification of commercial chemical products, such as dyes, pesticides, herbicides and pharmaceuticals. Synthetic methods often entail several steps that must be performed in series in order to prepare the desired product. The predictive method that we have been using is based on the Abraham solvation parameter model [1] [2] [3] [4] [5] [6] for solute transfer between two condensed phases log P = c + e·E + s·S + a·A + b·B + v·V (1) and for processes involving solute transfer from the gas phase to a condensed phase log K = c + e·E + s·S + a·A + b·B + l·L (2) characterized system/process (those with calculated values for the equation coefficients), further values of log P and log K can be estimated with known values for the solute descriptors. This is the major advantage of using Eqns. 1 and 2 to correlate solute partitioning properties having environmental, pharmaceutical and chemical importance. To date we have reported equation coefficients for more than 50 different organic solvents.
The published Abraham model correlations that were used for the alcohol solvents in our recent solubility studies [7, 8] were derived more than ten years ago. These earlier correlations were based on the limited experimental data that was available at the time. It is important to periodically update the earlier correlations as additional experimental data becomes available to ensure that the predictive expressions span as wide a range of descriptor space as possible.
Dragos and coworkers [9] recently noted that quantitative structure property relationship (qsar) and linear free energy relationship (lfer) models are fitted to minimize discrepancies between calculated and observed property values within a training set of molecules. The derived correlations are known to depend on the choice of molecules in the training set. The authors went on to state that no matter how large the training set is, it may never represent a significant sample of chemical structure space. The predictive area of chemical space for the Abraham model is defined not by chemical structures, but rather by the range of numerical values covered by the solute descriptors of the compounds contained in the database used to derive the respective correlation models. In this regard, we just updated the Abraham model correlations for the linear alcohols (methanol through 1-octanol, and 1-decanol). [10, 11] The updated log P and log K partition coefficient correlations pertain to solutes dissolved in the anhydrous (dry) linear alcohol solvents. The revised correlations were based on much larger databases, and included a much larger number of the more acidic solutes (such as crystalline benzoic acid derivatives) and a much greater number of the more nonvolatile solutes.
In the present study we have reanalyzed the available experimental log P and log K partition coefficient data for solutes dissolved in anhydrous 2-propanol, 2-butanol, 2-methyl-1-propanol, 2-methyl-2-propanol and 3-methyl-1-propanol. Equation coefficients for these five anhydrous alcohol solvents were reported several years ago in solubility studies concerning the calculation of solute descriptors of select crystalline organic compounds. The values that were reported previously were based on much smaller data bases. The databases used to derive the earlier correlations were never published, and the statistical information for the earlier correlations was never reported. The Abraham model log P and log K correlations that we present here for the five anhydrous secondary and branched alcohols are based on significantly larger databases containing compounds of greater chemical diversity, molecular size and hydrogen-bonding characteristics. The larger databases allow us to validate the derived correlation models through training set and test set analyses.
Data Sets and Computation Methodology
Most of the experimental data that we were able to retrieve from the published literature [3] [4] [5] [6] [7] 
log P = log K -log K w (5) and to log P values for partition from water to the anhydrous 1-alcohols through Eqn. 5. In equations 3 and 4, R is the universal gas constant, T is the system temperature, VP solute o is the vapor pressure of the solute at T, and V solvent is the molar volume of the solvent. The calculation of log P requires knowledge of the solute's gas phase partition coefficient into water, K w , which is available for most of the solutes being studied. The experimental log K and log P values at 298.15 for anhydrous 2-propanol, 2-butanol, 2-methyl-1-propanol, 2-methyl-2-propanol and 3-methyl-1-butanol are listed in Tables S1-S5 (Supporting information). As an informational note, the calculated log P values for the five anhydrous alcohols refer to a hypothetical partition coefficient. Even though hypothetical, these log P correlations are still quite useful in that predicted log P values can be used to estimate the solute's infinite dilution activity coefficient or molar solubility in the anhydrous alcohol solvent for those solutes for which the solute descriptors are known.
Our experimental databases also contain measured solubility data for several crystalline solutes dissolved in both the anhydrous 1-alcohols and in water. The solubility data were taken largely from our previously published solubility studies. At the time that our solubility studies were performed we included solvents for which we planned to update and to derive correlation equations in the future. In the case of crystalline solutes, the partition coefficient between water and the anhydrous organic solvent is calculated as a solubility ratio P = C S /C W (6) of the solute's molar solubilities in the organic solvent, C S , and in water, C W . Molar solubilities can also be used to calculate log K values, provided that the equilibrium vapor pressure of the solute above crystalline solute, P solute o , at 298.15 K is also available. P solute o can be transformed into the gas phase concentration, C G , and the gas-to-water and gas-to-organic solvent partitions, K W and K, can be obtained through the following equations
The vapor pressure and aqueous solubility data needed for these calculations are reported in our previous publications.
As noted in an earlier publication [3] , three conditions must be met to calculate partition coefficients from solubility data. The conditions are as follows: (1) the same solid phase must be in equilibrium with the saturated solutions in the solvent and in water (in practice this means that there should be no solvate or hydrate formation); (ii) the secondary medium activity coefficient of the solid in the saturated solutions must be unity (or near unity); and (iii) for the solutes that are ionized in aqueous solution, C W , must refer to the solubility of the neutral form. The second condition would restrict the method to those solutes that are sparingly soluble in water and in the organic solvent. Past applications [3, 8, 69, 82, 92] Molecular descriptors for all of the compounds considered in the present study are also tabulated in Tables S1 -S5 . The tabulated values came from our solute descriptor database, and were obtained using various types of experimental data, including water-to-solvent partitions, gas-to-solvent partitions, solubility and chromatographic data. [2, 4] 
Results and Discussion
We have assembled in Table S1 In order to assess the predictive ability of Eqns. 8 and 9 we divided the data points into a training set and a test set by allowing the SPSS software to randomly select half of the experimental data points. The selected data points became the training sets and the remaining compounds that were left served as the test sets. Analysis of the experimental data in the log P and log K training sets gave We have assembled in Table S2 (Supporting Information) Both correlations provide a reasonably accurate mathematical description of the experimental water-to-anhydrous 2-butanol partition coefficient data (Eqn. 12) and gas-to-anhydrous 2-butanol partition coefficient data (Eqn. 13) for experimental values that cover ranges of about 14.5 and 15.8 log units, respectively.
We have assessed the predictive ability of Eqns. 12 and 13 by dividing the 97 log P and 95 log K data points into training sets and test sets as before. Analysis of the experimental data Tables S6 -S8 (Supporting information).
The coefficients in the Abraham model are not just fitting coefficients but can be interpreted in terms of chemical interactions. The log K correlations are easier to interpret because only one solvent phase is involved and the coefficients represent differences between the gas and solvent phase. The coefficients in the log P equations refer to differences between the water and anhydrous alcohols. For the log K correlation the e-coefficient gives the ability of the alcohol to interact with σ-and π-electrons, the s-coefficient gives the hydrogen-bond basicity (because an acidic solute will interact with a basic solvent), the b-coefficient gives the hydrogenbond acidity (because a basic solute will interact with an acidic solvent), and the l-coefficient will reflect an endoergic cavity effect dependent upon solute size. The five alcohol solvents that have been studied here do not belong to a single class. The hydroxyl group is attached to a secondary carbon atom in three of the alcohols (2-propanol, 2-butanol and 2-methyl-1-propanol), to a primary carbon atom in one alcohol (3-methyl-1-butanol), and to a tertiary carbon atom in the case of 2-methyl-2-propanol. Comparisons are further complicated by the presence of a methyl-substituent in different locations relative to the hydroxyl group.
To facilitate comparisons we have listed in Table 2 processes take place at higher temperatures, and there is a growing need to determine partition properties into organic solvents at other temperatures. In this regard, we have recently published enthalpy of solvation correlations, ΔH solv , for organic gases and gaseous solutes into water [175] and 2-methyl-2-propanol [176] . The ΔH solv correlations will allow one to extrapolate the predicted log P(wet and dry) and log K(wet and dry) for 2-methyl-2-propanol based on Eqns. 1 and 2 (coefficients in Tables 1 and 2 ) to other temperatures not too far removed from 298.15 K. 
